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Everywhere, our knowledge is 
incomplete and problems are waiting to 
be solved. We address the void in our 
knowledge and those unresolved 
problems by asking relevant questions 
and seeking answers to them. 

Physics of the Universe



Astrophysics
Observational astrophysics

Radio astronomy 

Infrared astronomy 

Optical astronomy 

Ultraviolet, X-ray, gamma ray astronomy 

gravitational wave 

Neutrino 

Cosmic rays

Theoretical astrophysics

analytical models 
computational numerical simulations

stellar dynamics and evolution 

galaxy formation

large-scale structure of matter in the Universe

origin of cosmic rays

general relativity and physical cosmology

string cosmology & astroparticle physics 



Nuclear Astrophysics sites
Nuclear reaction rates at small energies
needed in many astrophysical models

-primordial nucleosynthesis, 
-stellar evolution, 
-novae, 
-supernovae, . . . 

for various processes
-pp chains, 
-CNO cycles, 
-s, r, p, rp, . . . 



Unfortunately, there is no chance 
for us to study a star by placing our 

lab into a star!! Solutions?

• Accelerator based lab
1. On the ground level
2. Underground level
3. Into the ocean/sea water (not yet for an 

accelerator, but who knows – new 
Aquarium in the future …)



World underground labs:
-radioactive waste (most of them)
-physics labs (a few)
-seismic labs

LUNA III (?)
Boulby (?)
Praid (?)



ECOS
“Many nuclear reactions across the periodic table play an 
important role in the aspects of nucleosynthesis. 
However, there are about 20 reactions among light nuclides 
which play a decisive role in the energy production: hydrogen 
burning via the p-p chain and CNO cycles in main sequence 
stars and helium burning via 3α→12C, 12C(α,γ)16O, 16O(α, γ)20Ne 
and 14N(α, γ)18F in red giants. These, helium burning reactions 
together with the 12C+12C, 12C+16O and 16O+16O fusion reactions 
are also crucial for the evolution of a star of given mass and 
chemical composition, i.e. whether the star evolves into an early 
carbon-detonation supernova or into other supernovae of type I 
or type II. These H-, He- and C/O burning reactions are 
considered therefore as “key reactions” for nuclear 
astrophysics. 
Clearly, they need to be known with fairly high precision if we 
want to understand the structure and evolution of stars and 
galaxies. These key reactions are extremely difficult to measure
using the existing facilities and instrumentation.”

+ NuPPEC
+ EURONS → ENSAR ….



Underground labs in USA
• Homestake gold mine 2600m deep (rock)
• WIPP New Mexico 700m deep (salt !! Quite a 

very different situation than rock)

Underground lab in Canada
• SNO (rock)



Underground Labs in Japan

Depth close to PRAID - Romania
6Bq/m3 at PRAID - Romania



Reactions
• radiative capture/dissociation reactions
• with charged particles: (p;γ), (α;γ), . . .
• with neutrons: (n;γ), (γ;n)
• pure nuclear reactions: (p;α), (α;p), . . .
• weak interaction reactions: β+, β-, EC



Measurements
• direct measurements preferable, but 

dificult: small energies/cross sections , 
often unstable nuclei involved

• indirect methods depending on type of 
reaction: charged-particle reactions →
Coulomb dissociation, ANC 
method,Trojan-horse method

• What we chose? Depends on the 
accuracy required by the stellar model 
(1% or 30%).



Nuclear Astrophysics with stable 
beams

Reactions with charged particles → Coulomb 
barrier & strong energy dependence of cross 
sections.  Cross sections are needed at small 
effective energy

Extrapolation of measured cross sections to low 
energies with astrophysical S factor

Electron screening in direct experiments →
reduction of the Coulomb barrier & enhanced 
cross sections at low energies. Electron 
screening potential energy Ue presents a 
discrepancy between experimental observation 
and theoretical models



Stellar evolution
• The role of individual reactions
• H-burning converts of 1H into 4He via pp-chains or 

the CNO-cycles. The simplest PPI chain is initiated 
by 1H(p, e+ν)2H(p,g)3He and completed by 
3He(3He,2p)4He. The dominant CNO-I cycle chain 
12C(p,g)13N(e+ν)13C(p,g)14N(p,g)15O(e+ν)15N(p,a)12C is 
controlled by the slowest reaction 14N(p,g )15O.

• He-burning 4He(2a,g )12C (triple-alpha) and 
12C(a,g)16O

• C-burning 12C(12C, a)20Ne
• O-burning 16O(16O,a)28Si



Background

1- Beam transport system
2- Reactions on target impurities
3- Elastic and inelastic beam scattering
4- Environmental radiation –

- detector activity
- room background

5- Cosmic rays





Muon flux
Neutron flux
Primordial radionuclides



3D Geometry









Uranium concentrations in our environment



What is the proper way to measure contamination?



DUSEL vs world
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LUNA Experiments
• d+p › 3He+γ E=   2.5keV Q:   5493.485 keV

• 3He+3He › 4He+2p E= 16.5keV Q: 11487.942 keV

• 3He+4He › 7Be+ γ E=100  keV Q:   1586.627 keV
•
• 14N+p › 15O+ γ E=  70  keV Q:   7296.999 keV

• 15N+p › 16O+ γ E=        keV Q: 12127.406 keV



Where are we now?
Low energy beams requires new ways to deal with them →

ion source, accelerator, detectors, backgrounds
Nuclear astrophysics done at : 
1- ground level lab (what kind of physics may be done 

here, needs for the acc. & detectors)
2- underground lab (what kind of physics deserves to be 

done there)
What experiments will be done at LUNA? Shall we repeat 

them? Which conditions?
What detectors are available? New detectors? Monte Carlo 

simulations
What ion sources are known now? New sources?







How much Passive and Active shielding helps for detector background rate reduction



Lessons learned for the purity materials: detector shielding and detector materials





Treatment base at Praid



Praid salt mine scheme



Praid characteristics

• High air purity
• Relative high air humidity: 71%
• condensed vapors: NaCl, Ca2+, Mg, K, Na, I, Br,..
• High CO2 concentration: 0.1-0.3%
• Negative air ionization: 222Ra(1.5-1.9x10-13Ci/l)
• O3+ reduced concentration
• pH low: 6.5-6.9 (acid character)
• Oxygen partial pressure is bigger by 2.07%



Common elements found in the Earth's rocks. 

2.09 Mg Magnesium
2.59 K Potassium
2.83 Na Sodium
3.63 Ca Calcium
5.00 Fe Iron
8.13 Al Aluminum
27.72 Si Silicon
46.60 O Oxygen

Percent 
Weight in 

Earth's Crust

Chemical 
SymbolElement





Salt radiochemistry Slanic Prahova• Clor – 35Cl, 37Cl = 100%; no radioactive isotopes in the salt mine deposit

• Sulfur– 32S, 33S, 34S, 36S = 100%; no radioactive isotopes in the salt mine 
deposit

• Oxygen – 16O, 17O, 18O = 100%; no radioactive isotopes in the salt mine deposit

• Sodium – 23Na = 100%; no radioactive isotopes in the salt mine deposit

• Magnezium – 24Mg, 25Mg, 26Mg = 100%; no radioactive isotopes in the salt mine 
deposit

• Aluminium – 27Al = 100%; no radioactive isotopes in the salt mine deposit

• Potasium – 39K, 41K = 99.9883%; has 0.0117% radioactive isotopes into the salt 
mine deposit

• Calcium – 40Ca, 42Ca, 43Ca, 44Ca, 46Ca = 99.81%; has 0.19% radioactive isotopes 
into the salt mine deposit 

• Lead – 204Pb, 206Pb, 207Pb, 208Pb = 100%.



Slanic Prahova salt composition  
characterization by activation

9.32*10-01239  U
1.26*10+0082  Br
7.97*10+0266  Cu
4.58*10-0260  Co
3.26*10+0259  Fe
6.17*10+0156  Mn
1.49*10+0152  V
2.26*10+0351  Ti
2.19*10+0449  Ca
6.29*10+0538  Cl
1.47*10+0228  Al
2.78*10+0524  Na

Concentration (ppb)Atomic numberElement



Gamma spectroscopy results

0.00210.044999890.1065113.2504ground level (Sovata-Praid)

0.00010.000624018012.3000Praid mine, Doja mine, corridor near elevator 

0.00300.013315000.126423.9753Praid mine, Telegdy, detector in the right center hall

0.00090.003040000.058313.5743Praid mine, orizont 60, detector close to back left wall

0.00060.001650000.04038.1064Praid mine, orizont 60, detector close to left wall

0.00090.005871090.03026.4643Praid mine, orizont 60, detector close to the right wall

0.00080.005380000.02484.9316Praid mine, orizont 60, partial salt bricks shield

0.00270.018825010.066310.9916Praid mine, orizont 60, detector in the center of the hall

err(cts/sec)rate(cts/sec)(sec)err(cts/sec)rate(cts/sec)

2620-3000 keVtimeWhole spectrumzone

Consistent results from TL dosimetry
Detectors type: GR200A
Exposure time: 107 days (102 inside mine)

Telegdy Hall: 3.86 +/- 0.23 nSv/h
“Orizont 60” Hall: 2.76 +/- 0.17 nSv/h
Ground level: 55.1 +/- 0.7 nSv/h
IFIN-HH Bucharest: 73.3 nSv/h



Background spectra at Praid w/wo
Pb shielding





Background spectra collected with an ORTEC GeHP  detector with 33% rel. 
efficiency
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3He+4He→γ+7Be Weizmann 2004 & LUNA 2007



Seattle 2007  3He+4He→γ+7Be



ERNA 2007 3He+4He→γ+7Be





d(p,γ)3He LUNA 2002





14N(p,γ)15O LUNA 2002



14N(p,γ)15O LUNA 2005



14N(p,γ)15O LUNA 2006



14N(p,γ)15O LUNA 2006



ERNA 12C(α,γ)16O Q=7161.91 keV









Detectors
Since Germanium detectors have been used for the measurement of the 12C(α, γ)16O
cross section, which provide a high energy resolution but lack of efficiency, high
beam currents of up to 700 μA have been used in spite of possible target problems.

A different approach is the use of detectors with high efficiency such as NaI or BGO. 
Although in principle promising, these setups suffered from a small solid angle and 
relatively high backgrounds.

In contrast, the Karlsruhe 4π BaF2 detector  offers a high gamma-ray efficiency of
up to 90% by covering 97% of the 4π solid angle and a comparably low
neutron sensitivity. The detector is divided into 42 hexagonal and pentagonal 

segments. Each segment, except one for the beam entrance, holds an independent 
detector module consisting of a BaF2 crystal with a thickness of 15 cm and a distance 
to the sample of 10 cm. All segments cover the same solid angle. This allows the 
simultaneous measurement at 12 different angles with respect to the beam axis, 
which is necessary since the E1 and E2 components need to be extracted from 
angular distributions to permit a reliable extrapolation to astrophysical energies.




